'i' 




(19) 




Europafsches Patentamt 
European Patent Office 
Office europeen des brevets 





(11) 



EP 1 172 933 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

,16.01.2002 Bulletin 2002/03 

(21) Application number: 01117026.3 

(22) Date of filing: 12.07.2001 

(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE TR 
Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 12.07.2000 JP 2000210939 

(71 ) Applicant; MATSUSHITA ELECTRIC INDUSTRIAL 
CO., LTD. 

Kadoma-shi, Osaka 571-8501 (JP) 

(72) Inventors: 

• Yokoyama, Akio 

Ibaraki-shi, Osaka 567-0023 (JP) 

(54) Automatic filter tuning control system 

(57) To tune the center frequency of a gm-C filter, 
which is a bandpass filter with a narrow bandwidth, to a 
target frequency, only while the filter is being tuned, the 
original circuit configuration of the filter is replaced with 
an alternative configuration that realizes a high signal- 
to-noise ratio. A characteristic tuner generates and in- 



(51) mtci 7; H03H 11/04 



• Takahashi, Hlsashi 
Hirakata-shi, Osaka 573-1101 (JP) 

• Yamamoto, Michiyo 
Otokuni-gun, Kyoto 618-0071 (JP) 

• Kinugasa, Norihide 
Joyo-shi, Kyoto 610-0117 (JP) 

• Arayashiki, Mamoru 
Kawasaki-shl, Kanagawa 216-0006 (JP) 

(74) Representative: 

Grtinecker, Kinkeldey, Stockmair & 
Schwanhausser Anwaltssozietat 
Maximilianstrasse 58 
80538 Munchen (DE) 



puts an impulse signal, pulse signal or step signal to the 
filter being tuned and thereby detects and adjusts the 
center frequency of the filter. And the tuning result is 
stored on a nonvolatile memory for future reuse. When 



the filter is operated, the characteristic tuner"stops op- 
erating to cut down the power dissipation. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention generally relates to an automatic filter tuning control system for tuning the characteristic 
frequency of a filter to a target frequency automatically, and more particularly relates to measures to be taken to cut 
down the power dissipation and increase the precision of the tuning control system. As used herein, the "characteristic 
frequency of a bandpass filter means the center frequency thereof, while the "characteristic frequency" of a high- or 
low-pass filter (HPF or LPF) means the cutoff frequency thereof. 

10 [0002] A gm-C filter is often included in an integrated circuit for use in telecommunications. This filter utilizes the 
mutual conductance (gm; also called "transconductance") and capacitance (C) associated with a transistor to get its 
frequency charactenstics controlled variably in accordance with some physical quantity including voltage and current 
fo X Oo"?oi39? n fofexXte 0r ^ * *** ^ d ' ,SCi ° Sed ,n Ja P anese Laid-Open Publication Nos. 7-297677 and 

« [0003] A known automatic filter tuning control system for use in the receiver section of a telecommunications unit 
tunes a given filter every time the unit receives data, thus dissipating power more than necessarily. As for a cell phone 
m particular, its standby mode operation cannot last so long, because a cell phone Is normally driven by battery So 
when performing the tuning control operation, a cell phone should reduce the power dissipation as much as possible 

20 th a < °S T* ZZZ ? edS 3 BPF WUh 3 bandwid,h as narrow as about 5% with respect to the center frequency 
thereof. Thus, the BPF should have its center frequency controlled highly precisely (on the order of 0 2 to 0 3%) in a 
shortest possible time. ' 

E° 004 i <T automa « c filter t"ni"9 control system for finely adjusting the dip frequency of a biquadratic (or shortly 
biquad) f'lter one of gm . c filters of various types, is disclosed in Japanese Laid-Open Publication No. 63-167511 
(Japanese Publication for Opposition No. 7-1 20923). The tuning control system disclosed in this publication is supposed 
to be bu.lt in an integrated circuit as a multiplexed audio frequency demodulator for a TV receiver The control system 
inputs a sine wave signal with a constant frequency to a filter to be tuned and controls the output of a digital-to-analoa 
converter (DAC) using a microcomputer, thereby gradually changing the characteristic of the filter. In this control system 
the output level of the filter reaches a predetermined reference level for two input values of the DAC. Accordingly the 

30 °, T inf>Ut ValU6S iS r6garded 38 an optimum tunin 9 va,ue and stored on a nonvolatile memory. 

[0005] Japanese La.d-Open Publication No. 5-1 14836 discloses an automatic filter tuning control system for finely 
adjusting the characteristic frequency and quality (Q) factor of a gm-C filter. The Q factor of a filter represents the 
frequency selectivity thereof. This tuning control system inputs an impulse signal, pulse signal or step signal not a 
sine wave signal, to a filter to be tuned. An oscillating waveform appearing at the filter's output is converted' by an 
ana og-to-dig.tal converter (ADC) into a digital quantity, which is input to a microcomputer and then subjected to a 
Laplace transform. In th.s manner, the microcomputer calculates the characteristic frequency and Q factor of the filter 
being tuned After the characteristics of the filter being tuned have been detected in this manner, tuning values are 
determined for two DACs for use to control the characteristic frequency and Q factor, respectively, thereby adjusting 
differences between the detected characteristics and the target ones. Then, those tuning values are stored on a non 
volatile memory. And when the filter is operated, the filter will have its characteristics controlled using the tuning values 

40 stored on the nonvolatile memory. y lu, ""9 Vd| ues 

[0006] A automatic filter tuning control system as disclosed in Japanese Laid-Open Publication No 2000-59162 
inputs an impulse signal or step signal to a filter to be tuned and measures some periods of an oscillating waveform 
appearing at the filter's output. In accordance with the result of this measurement, the control system detects the 
charactenstic frequency of the filter. And then the control system finely controls the characteristics of the filter in such 
fK^T 6 '' 38 10 , 8djUSt the difference Detween ,he characteristic and target frequencies. It should be noted, however 
change'd 00 SyStSm °' ^ ^ * SUPP ° Sed t0 tUne the flter ever V tlme SU PP'V vo ltage or temperature has 
[0007] The known tuning control system disclosed in Japanese Laid-Open Publication No. 63-167511 (Japanese 

so Th*™ »l ° PP ° S i ti0n No 7 - 1 20923 > looks ,or an '"n^9 value by changing the DAC input value little by 

little Thus, rt takes a long time to complete the filter tuning of this type. Particularly when this technique is applied to 
a cell phone, the filter tuning process dissipates too much power because the tuning process is carried out every time 
J" Ph ° ne SOunds - Also ' a high-precision analog level detector is hard to realize generally speaking. Accordingly it is 
for a celrhone 8 COntr0 ' * ^ ,reqUenCy tUning P recisi °n of about 0.2 to 0.3% normally required 

»• [0008] In the conventional tuning control system disclosed in Japanese Laid-Open Publication No 5-114836 the 
microcomputer takes charge of the Laplace transform to compute the characteristic frequency and Q factor of the filter 
being tuned. Thus, the microcomputer should carry too heavy a load. 

[0009] According to the technique disclosed in Japanese Laid-Open Publication No. 2000-59162 every time the 
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supply voltage or temperature has changed, the fitter tuning must be performed, thus also dissipating too much power 
just for that purpose. Furthermore, if noise is superimposed on the oscillating waveform appearing at the filter's output, 
then the period measured will have a significant error. In that case, the characteristic frequency cannot be adjusted so 
precisely. 

5 

SUMMARY OF THE INVENTION 

[0010] It is therefore an object of the present invention to provide a high-precision automatic filter tuning control 
system that can exhibit so high noise immunity and can reduce its power dissipation so much as to be effectively 

10 applicable to the receiver section of a cell phone, for example. 

[0011] To achieve this object, the control system of the present invention detects and adjusts the characteristic fre- 
quency of a filter being tuned using an impulse signal, pulse signal or step signal and then stores the tuning result on 
a memory for future reuse. In addition, according to the present invention, only while the filter is being tuned, the circuit 
configuration of the filter is replaced with an alternative configuration that realizes a signal-to-noise ratio (SNR) high 

is enough to control the filter characteristics as intended. 

[0012] Specifically, an automatic filter tuning control system according to the present invention is for use to tune a 
characteristic frequency of a filter to a target frequency. The system Includes circuit configuration replacing means, 
characteristic tuner and controller. While the filter is being tuned, the replacing means replaces an original circuit con- 
figuration of the filter with an alternative tuning-dedicated circuit configuration. The filter with the alternative configura- 

20 tion has the same characteristic frequency as that of the filter with the original configuration and shows an SNR higher 
than that of the filter with the original configuration. The characteristic tuner measures one or some periods of an 
oscillating waveform appearing at the output of the filter with the alternative configuration when an impulse signal, 
pulse signal or step signal is input as a test signal to the filter. Next, the tuner detects the characteristic frequency of 
the filter in accordance with the period measured and then supplies a tuning signal to the filter, thereby adjusting a 

25 difference between the characteristic and target frequencies. The controller issues a tuning instruction to start the 
characteristic tuner and then stores a level of the tuning signal when the difference between the characteristic and 
target frequencies of the filter enters a tolerance range. In operating the filter, the controller restores the filter to the 
original configuration, stops operating the characteristic tuner and controls the characteristics of the filter using the 
tuning signal stored. 

30 [0013] The circuit configuration replacing means may include means for boosting a gain of the filter being tuned, 
means for increasing a Q factor of the filter being tuned or means for oscillating the filter being tuned at the characteristic 
frequency of the filter. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0014] FIG. 1 is a block diagram illustrating an exemplary configuration for an automatic filter tuning control system 
according to the present invention. 

[0015] FIG. 2 is a graph illustrating how the up/down counter shown in FIG. 1 operates. 
[0016] FIG. 3 is a block diagram illustrating a first exemplary configuration for the gm-C filter shown in FIG. 1 . 
to [001 7] FIG. 4 is a circuit diagram illustrating an exemplary internal configuration for the initial-stage transconductance 
amplifier shown in FIG. 3. 

[0018] FIG. 5 is a block diagram illustrating a second exemplary configuration for the gm-C filter shown in FIG. 1 . 
[0019] FIG. 6 is a block diagram illustrating a third exemplary configuration for the gm-C filter shown in FIG. 1 . 
[0020] FIG. 7 is a block diagram illustrating a fourth exemplary configuration for the gm-C filter shown in FIG. 1 . 
45 [0021] FIG. 8 is a block diagram illustrating another exemplary configuration for the automatic filter tuning control 
system of the present invention. 

[0022] FIG. 9 is a block diagram illustrating a cell phone including the inventive automatic filter tuning control system. 



DETAILED DESCRIPTION OF THE INVENTION 



[0023] FIG. 1 illustrates an exemplary configuration for an automatic filter tuning control system according to the 
present invention. In FIG. 1 , a receiver section 10 for a telecommunications unit includes a gm-C filter 11 , which may 
be a BPF with a narrow bandwidth. Also, microcomputer 20 with a nonvolatile memory, characteristic tuner 30, DAC 
40 and phase-locked loop (PLL) circuit 50 together makes up an automatic filter tuning control system for tuning the 
55 center frequency f 0 of the gm-C filter 11 to a target frequency f^. As will be described later, the gm-C filter 11 itself 
can also have its circuit configuration replaced with an alternative tuning-dedicated configuration. The filter 11 with the 
alternative configuration has the same center frequency f 0 as the filter 11 with the original configuration and shows an 
SNR higher than that of the filter 11 with the original configuration. In the following description, the filter 11 with the 
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original configuration and the filter 1 1 with the alternative configuration will be referred to as "original filter and "alter- 
native filter", respectively, for convenience sake. 

[0024] As shown in FIG. 1 , the characteristic tuner 30 includes frequency divider31 , test signal generator 32, counter 
33, frequency detector 34 and up/down counter 35 to adjust the difference between the center frequency f 0 of the gm-C 
filter 1 1 and the target frequency f M thereof highly precisely. First, the frequency divider 31 divides the frequency fclk 
(e.g., 88.2 Hz) of a clock signal that has been delivered as a reference signal from the PLL circuit 50. In accordance 
with a tuning instruction issued from the microcomputer 20, the test signal generator 32 is started so as to generate a 
test signal from the clock signal with the divided frequency and then supplies the test signal to the gm-C filter 11 This 
test signal may be of any type (e.g., an impulse signal, pulse signal or step signal) so long as the signal contains a 
component corresponding to the center frequency f 0 of the gm-C filter 11 . An impulse signal is particularly preferred 
because an impulse signal contains sine wave components for all frequencies. In response to the test signal, an os- 
cillating waveform with the frequency f 0 appears at the output of the gm-C filter 1 1 . Synchronously with the rise of the 
clock signal that has been delivered as a reference signal from the PLL circuit 50, the counter 33 measures one or 
some periods of the oscillating waveform appearing at the output of the gm-C filter 11. Based on the measurement 
result obtained by the counter 33, the frequency detector 34 detects the center frequency f 0 of the gm-C filter 11 and 
passes a frequency difference A f , i.e., the difference between the center and target frequencies f 0 and f w , to the up/ 
down counter 35. The up/down counter 35 changes its digital output value as will be described later. 
[0025] The DAC 40 receives the output value of the up/down counter 35 as a tuning signal and supplies an analog 
control output (i.e., voltage or current), reflecting the level of the tuning signal, to the gm-C filter 11, thereby adjusting 
20 the center frequency f 0 of the gm-C filter 11, 

[0026] To generate a high-precision reference signal for the characteristic tuner 30, the PLL circuit 50 includes tem- 
perature-compensated crystal oscillator (TCXO) 51, phase detector (PD) 52, charge pump (CP) 53, LPF 54, voltage- 
controlled oscillator (VCO) 55 and frequency divider (1/N) 56. The VCO 55 may have an oscillation frequency of 705.6 
MHz, for example. Optionally, a programmable counter may be used as the frequency divider56 to generate a reference 
25 signal with an arbitrary frequency other than 88.2 MHz. 

[0027] The microcomputer 20 with nonvolatile memory issues a tuning instruction to start the test signal generator 
32. Thereafter, when the difference between the center and target frequencies f 0 and f ot of the gm-C filter 1 1 enters a 
predetermined tolerance range, the microcomputer 20 stores the output value of the up/down counter 35 (i.e., the input 
value of the DAC 40). In operating the receiver section 10 including the gm-C filter 11, the microcomputer 20 stops 
operating the characteristic tuner 30 and supplies the stored value to the DAC 40. In this manner, the power dissipation 
of the characteristic tuner 30 can be cut down. Also, a plurality of values, which have been input to the DAC 40 at 
multiple tuning attempts, may be averaged and the average may be stored on the microcomputer 20. Then, the quan- 
tization error of the periods measured can be reduced and the statistic variance decreases. As a result, the tuning 
precision improves. 

[0028] Supposing the gm-C filter 11 is a second order BPF, the transfer function H(s) thereof is given by: 

H(s)=(<d 0 xs/Q)/(s 2 +co 0 xs/Q+(d 0 2 ) (1) 

*o where © is an angular frequency, Oq is the center angular frequency of the filter, Q is the Q factor of the filter i= V(-1 ) 
and s = jco. 

[0029] The time-domain response of this filter obtained by a Laplace inverse transform is given by 
45 K t xexp{j(a> 0 /2) x(-1/QW(1/Q 2 -4))t}+ 

* 

K 2 x exp{j( co 0 /2) x (-1/Q- V(1 /Q 2 -4))t} (2) 
where t is time and K A and K 2 are constants. If the Q factor is very large, then the time-domain response will be 

^xexpGcooO+KgXexpf-jcoot) (3) 

As a result, an oscillating waveform with the center angular frequency g>o will appear at the output of the filter. That is 
to say, if a test signal, containing a component corresponding to the center frequency f 0 of the gm-C filter 1 1 , is supplied 
to the gm-C filter 11, then the oscillating waveform with the frequency f 0 will appear at the output of the filter 11 re- 
sponsive to the signal. 
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[0030] In this case, the test signal supplied to the gm-C filter 11 preferably has an iterative frequency that is half or 
less as high as the center frequency f 0 of the gm-C filter 1 1 . This is because the counter 33 never fails to keep time 
for at least one period in that case. Supposing N c is a count for a number M of periods associated with the center 
frequency f 0 , the following relationship 

f 0 =fclkxM/N c (4) 

is met. Accordingly, to detect the center frequency f 0 highly precisely, the clock signal, delivered as a reference signal 
from the PLL circuit 50 to the counter 33, should have its frequency fclk increased and the number M of periods to be 
measured should also be increased. 

[0031] FIG. 2 illustrates how the up/down counter 35 shown in FIG. 1 operates. The abscissa represents, on a 
logarithmic scale, the difference between the center frequency f 0 detected and the target frequency f m( or the frequency 
difference At of the gm-C filter 11, while the ordinate represents the change AN in the output value of the up/down 
counter 35. In FIG. 2, Af a is a quantized frequency difference. As indicated by the solid line (representing the charac- 
teristic A) in FIG. 2, the greater the frequency difference At, the more greatly the up/down counter 35 changes its output 
value. As a result, the center frequency can be adjusted faster and the power dissipation can be reduced. Also, as 
indicated by the dashed line (representing the characteristic B), the up/down counter 35 is so constructed as to decrease 
the control sensitivity of its output value when the center frequency f 0 detected is close to the target frequency f^. In 
this manner, the control is not disturbed by extraneously incoming noise so much and the center frequency can be 
adjusted more stably. It should be noted that the bits input to the up/down counter 35 may be either 2n bits, each 
weighted with ±2k (where 0^k^n-1 and n and k are integers), or 2 bits representing up and down, respectively. 
[0032] FIG. 3 illustrates a first exemplary configuration for the gm-C filter 11 shown in FIG. 1. The gm-C filter 11 
shown in FIG. 3 is a second order BPF including four transconductance (gm) amplifiers 110, 111, 112 and 113 and 
two capacitors 119 and 120. The gm amplifiers 110, 111, 112 and 113 have transconductances gm1, gm2, gm3 and 
gm4 and the capacitors 119 and 120 have capacitances C A and C 2 , respectively. In FIG. 3, Vin is the input voltage of 
the filter 11 and Vo is the output voltage of the filter 11 appearing between the two terminals of the capacitor 119. Four 
variable current sources are actually connected to the four gm amplifiers 110 through 113 to control the characteristic 
of the filter variably in accordance with the analog control output of the DAC 40. However, in FIG. 3, only one current 
source l 01 124 connected to the initial-stage gm amplifier 110 is illustrated for the sake of simplicity. This initial-stage 
gm amplifier 110 determines the gain of the gm-C filter 11 and is further connected to another current source 125 
by way of a switch S 1 1 23. The current source l 02 125 is used exclusively for filter tuning purposes. The transfer function 
H(s), gain G, center angular frequency coq and Q factor Q of the gm-C filter 1 1 shown in FIG. 3 are given by 

H(s) = (sgm1/C 1 )/{(s 2 +sgm2/C 1 +gm3gm4/(C 1 .C 2 )} (5) 

G=gm1/gm2 (6) 
(o 0 =27cf 0 =V{gm3«gm4/(C 1 C 2 )} (7) 

45 Q=V(gm3-gm4.C 1 /C 2 )/gm2 (8) 

[0033] FIG. 4 illustrates an exemplary internal configuration for the initial-stage gm amplifier 110 shown in FIG. 3. 
The initial-stage gm amplifier110 includes two bipolar transistors 140 and 141 and two current sources 142 and 143. 
In FIG. 4, Vcc is a power supply. The bipolar transistors 140 and 141 , along with the capacitor 11 9 and current sources 
142 and 1 43, form an integrator. Each of the other gm amplifiers 111, 112 and 1 13 shown in FIG. 3 also has the same 
internal configuration as the initial-stage gm amplifier 110 shown in FIG . 4. It should be noted that the bipolar transistors 
140 and 141 may be replaced with MOSFETs. 

[0034] The switch 123 is closed only while the filter is being tuned. The common emitter current of the transistors 
140 and 141 is l 01 while the switch 123 is open, but changes into l 01 +- l 02 when the switch 123 is closed. The threshold 
voltage Vt of each of these transistors 140 and 141 is given by 
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Vt=kT/q (g) 



where T is the temperature, k is a Boltzmann constant and q is the charge of electron. The transconductance qm1 of 
s this gm amplifier 110 while the filter 11 is not being tuned is 

gm1 = l 01 /Vt (10) 
10 On the other hand, while the filter 1 1 is being tuned, the transconductance gm1 of this gm amplifier 1 10 is 

gm1 = (l 01 +l 02 yvt 

Thus, it can be seen from Equations (6), (1 0) and (1 1 ) that while the filter 1 1 is being tuned, gm1 increases and boosts 
the gam of the gm-C filter 1 1 . However, as can be seen from Equations (7) and (8), even if gm1 increases the center 
angular frequency and Q factor of the gm-C filter 1 1 do not change. 

[0035] A main noise source for the gm amplifier 1 1 0 shown in FIG. 4 may be shot noise generated by the transistors 
140 and 141 . Supposing the common emitter current of the transistors 140 and 141 is l 0 (which is equal to either I 
or I01+I02) and th © bandwidth is AF, the shot noise In is given by 01 . 

ln 2 =2ql 0 AF (12) 
The equivalent input noise Vn of the initial-stage gm amplifier 110 is given by 

Vn=V(ln 2 )/gm1=V(2ql 0 AF)/l ( /Vt=VtV(2qAF/l 0 ) (13) 

That is to say, if the current l 0 increases while the filter is being tuned, the equivalent input noise decreases and the 
SNR of the gm-C filter 1 1 increases. 

[0036] As can be seen, while the gm-C filter 11 shown in FIG. 3 should have its characteristic controlled the filter 
11 can .ncrease its gain by closing the switch 123. Accordingly, the filter 11 serves as an alternative tuning-dedicated 
filter that has the same center frequency f 0 as the original filter and an SNR higher than that of the original filter. As a 
result, high-precision filter tuning control is realized without being affected by extraneous noise seriously. The ON/OFF 
states of the switch 123 are controlled either by the test signal generator 32, which is started in accordance with the 
tuning instruction issued from the microcomputer 20, or by the microcomputer 20 itself. On the other hand when the 
receiver section 10 including the gm-C filter 1 1 operates, the switch 123 is opened to restore the filter 1 1 to its original 
configuration. As a result, the gm-C filter 11 can also reduce its own power dissipation. 

[0037] FIG. 5 illustrates a second exemplary configuration for the gm-C filter 11 shown in FIG. 1 . The gm-C filter 11 
shown in FIG. 5 is a 4th order BPF including not only all the components of the filter 11 shown in FIG 3 but also five 
more gm amplifiers 114, 115, 116, 117 and 118 and two more capacitors 121 and 122. The gm amplifiers 114, 115 
116, 117 and 118 have transconductances gm5, gm6, gm7, gm8 and gm9 and the capacitors 121 and 122' have 
capacitances C 3 and C 4 , respectively. In FIG. 5, Vin is the input voltage of the filter 11 and Vo is the output voltage of 
the filter 1 1 appearing between the two terminals of the capacitor 122. Five variable current sources are actually con- 
nected to the five gm amplifiers 114 through 118 to control the characteristic of the filter variably in accordance with 
the analog control output of the DAC 40. However, in FIG. 5, only one l 03 127 of the five current sources, which is 
connected to the gain-adjusting gm amplifier 114, is illustrated for the sake of simplicity. It should be noted that this 
current source l 03 1 27 is connected to the gm amplifier 1 14 by way of a switch S 2 1 26, which is opened only while the 
filter 11 is being tuned. 

[0038] In the gm-C filter 11 shown in FIG. 5, when the switch 126, which has connected the gm amplifier 114 and * 
current source 127 together, is opened, a path, through which the output voltage Vo of the filter 11 is fed back to the 
input of the gm amplifier 1 15, is disconnected. As a result, the 4th order BPF changes into two cascaded second order 
BPFs. In that case, the initial-stage second order BPF is made up of the four gm amplifiers 110 through 113 and the 
two capacitors 119 and 120, while the second-stage BPF is made up of the four gm amplifiers 115 through 118 and 
the two capacitors 121 and 122. This switching does not change the center frequency of the gm-C filter 11 but does 
increase the Q factor thereof by 2-1 )= 2.4. Consequently, the bandwidth of the gm-C filter 11 , defined as the width 
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of a range where the attenuation is no greater than 3dB, is reduced to about 1/2.4 and the band noise decreases. In 
addition, since the Q factor increases, the oscillating frequency is stabilized at the filter output, thus improving the 
precision of the filter tuning control. 

[0039] FIG. 6 illustrates a third exemplary configuration for the gm-C filter 11 shown in FIG. 1. The gm-C filter 11 
shown in FIG. 6 is a second order BPF including not only all the components of the filter 11 shown in FIG. 3 but also 
another gm amplifier 128, another switch S 3 129 and another current source l^ 130. The gm amplifier 128 has a 
transconductance gm10. The switch 129 is closed only while the filter 11 Is being tuned. 

[0040] While the switch 129 is closed, the transfer function H(s) of the gm-C filter 11 shown in FIG. 6 is given by 

H(s)=(s.gm1/C 1 )/{(s 2 +s-(gm2-gm10)/C 1 +gm3-gm4/(C 1 .C 2 )} (14) 



Accordingly, if gm10 meeting the inequality of 



gm10>gm2 (15) 



is selected, then the gm amplifier 128 will serve as a negative resistor. As a result, a VCO, oscillating at the center 
frequency f 0 of the original filter, can be obtained. Accordingly, the number M of periods measured in Equation (4) can 

20 be increased, the adverse effects of noise can be weakened and the tuning precision improves. 

[0041] FIG. 7 illustrates a fourth exemplary configuration for the gm-C filter 11 shown in FIG. 1. The gm-C filter 11 
shown in FIG. 7 is a 4th order BPF including not only all the components of the filter 11 shown in FIG. 5 but also two 
more gm amplifiers 128 and 131 , two more switches S3 129 and S 4 132 and two more current sources l^ 130 and l 05 
133. The gm amplifiers 128 and 131 have transconductances gm10 and gm11, respectively. The switches 129 and 

* 5 132 arc closed only while the filter 11 is being tuned. 

[0042] While the switches 129 and 132 are closed, if gm10 and gm11 meeting the inequalities of: 



gm1 0>grn2 and gm 1 1 >gm9 ( 1 6) 

are selected tnen the gm amplifiers 128 and 131 will serve as negative resistors. As a result, a VCO, oscillating at the 
center frequency f 0 of the original filter, can be obtained. Accordingly, the number M of periods measured in Equation 
(4) can be increased, the adverse effects of noise can be weakened and the tuning precision improves. 
(0043) FI3 8 illustrates another exemplary configuration for the automatic filter tuning control system of the present 
mvertfon m the system shown in FIG. 8, the gm-C filter 11 includes master and slave filters 11a and 11b, each of 
which can have its center frequency controlled variably in accordance with the control output of the DAC 40. The filter 
11 shown m FIG 8 can also have its configuration replaced with an alternative configuration realizing a high SNR only 
whtic tnc filler 1 1 is being tuned. The master filter 11a functions as a so-called "reference filter" for the slave filter 11b. 
A second reference signal obtained by getting the frequency of the reference signal divided by the frequency divider 
31 is delivered tc the master filter 11a to carry out preliminary filter tuning control on the master filter- 11 a. Thereafter, 
the test signal generator 32 generates and outputs a test signal to the slave filter 11b, thereby tuning the slave filter 
11b in this manner, the center frequency can be adjusted with even higher precision. 

[0044] FI3 9 is a block diagram illustrating a cell phone including the inventive automatic filter tuning control system. 
I he ntcgratec circuit 60 shown in FIG. 9 includes frequency converter/demodulator 61 , synthesizer PLL 62 and mod- 
ulate 63 mat arc integrated together on a single chip. Although not shown in FIG. 9, a gm-C filter to be tuned and its 
automatic f ttc tuning control system are included in the frequency converter/demodulator 61. 

[0045] in the cell phone shown in FIG. 9, an RF signal, received at an antenna 70, is led to a reception amplifier 71 
by way of a iransmii-receive switch 72. Then, the BPF included in the frequency converter/demodulator 61 selectively 
passes anc amplifies the received signal. Specifically, in response to the output signal of the synthesizer PLL 62, one 
of the channels of the received signal is selected. Then, the signal is converted and amplified to have first and second 
intermediate frequencies (e.g., 400 kHz). As a result, a demodulated audio signal is output. This audio signal is decoded 
by an audio signal processor 74 and then output as a sound from a loudspeaker 77. A data signal is decoded by a 
data processor 75 and then the decoded data is presented by a controller 76 on a display 81. On the other hand, an 
audio signal, input through a microphone 78, is encoded by the audio signal processor 74. A data signal, input through 
a key matrix 80. is encoded by the data processor 75. Then, the encoded versions of the audio and data signals are 
combined into a signal, which is subsequently input to the modulator 63. in response to the output signal of the syn- 
thesizer PLL 62 ; this combined signal is modulated into an RF signal, which is then input to a transmission amplifier 
73. The transmission amplifier 73 amplifies the power of this modulated signal to a level required for transmission. 
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Then, the amplified signal is transmitted from the antenna 70 by way of the transmit-receive switch 72. The cell phone * 
further includes an ID-ROM 79 for storing the ID number of the phone itself. 

[0046] The bandwidth of each channel for this cell phone Is set to about ±1 0 kHz (i.e., about 5% with respect to the 
center frequency). To avoid the interference by an adjacent channel (i.e., a detuning signal with a frequency of 50 kHz), 
a BPF with a narrow bandwidth is used for the frequency converter/demodulator 61 . By using the automatic filter tuning 
control system of the present invention for the receiver section of a cell phone like this, the center frequency can be 
adjusted highly precisely and the cell phone can operate in the standby mode for a longer time. 
[0047] In the foregoing description, the filter to be tuned by the present invention is a gm-C filter. However, the present 
invention is naturally applicable to any other electronic filter with a center frequency that is controllable variably by 
voltage or current. Also, the application of the present invention is not limited to BPFs but includes HPFs and LPFs. 
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Claims 

1 . An automatic filter tuning control system for tuning a characteristic frequency of a filter to a target frequency, the 
system comprising: 

circuit configuration replacing means for replacing an original circuit configuration of the filter with an alternative 
tuning-dedicated circuit configuration while the filter is being tuned, wherein the filter with the alternative con- 
figuration has the same characteristic frequency as that of the filter with the original configuration and shows 
a signal-to-noise ratio higher than that of the filter with the original configuration; 

a characteristic tuner, which measures one or some periods of an oscillating waveform appearing at the output 
of the filter with the alternative configuration when an impulse signal, pulse signal or step signal is input as a 
test signal to the filter; detects the characteristic frequency of the filter in accordance with the period measured; 
and then supplies a tuning signal to the filter, thereby adjusting a difference between the characteristic and 
target frequencies; and 

a controller, which issues a tuning instruction to start the characteristic tuner and then stores a level of the 
tuning signal when the difference between the characteristic and target frequencies of the filter enters a tol- 
erance range, wherein in operating the filter, the controller restores the filter to the original configuration, stops 
operating the characteristic tuner and controls the characteristics of the filter using the tuning signal stored. 

2. The system of Claim 1 , wherein the filter is a gm-C filter comprising a plurality of transconductance amplifiers and 
a plurality of capacitors. 

3. The system of Claim 1 , wherein the circuit configuration replacing means comprises means for boosting a gain of 
the filter being tuned. 

4. The system of Claim 1 . wherein the circuit configuration replacing means comprises means for increasing a quality 
factor of the filter being tuned. 

5. The system of Claim 1 , wherein the circuit configuration replacing means comprises means for oscillating the filter 
being tuned at the characteristic frequency of the filter. 

6. The system of Claim 1 , wherein the controller averages levels of the tuning signal that has been input to the filter 
at multiple tuning attempts, stores the tuning signal with the averaged level and controls the characteristics of the 
filter using the tuning signal with the averaged level. 

7. The system of Claim 1 , wherein the characteristic tuner comprises: 



a frequency divider for dividing the frequency of a clock signal that has been delivered as a reference signal; 
a test signal generator for generating the test signal from the clock signal with the divided frequency; 
a counter for measuring one or some periods of the oscillating waveform, which appears at the output of the 
filter responsive to the test signal, synchronously with the clock signal; 

a frequency detector for detecting the characteristic frequency of the filter based on the period measured by 
55 the counter; and 

an up/down counter for changing the tuning signal in accordance with the difference between the detected 
characteristic frequency and the target frequency. 
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8. The system of Claim 7, further comprising a digital-to-analog converter, which receives the tuning signal as a digital 
quantity from the characteristic tuner or the controller and supplies an analog control signal, corresponding to the 
tuning signal, to the filter. 

9. The system of Claim 7, further comprising a phase-locked loop circuit for generating the reference signal. 

10. The system of Claim 7, wherein the greater the difference between the detected characteristic frequency and the 
target frequency, the more greatly the up/down counter changes the tuning signal. 

11. The system of Claim 7, wherein when the detected characteristic frequency is close to the target frequency, the 
up/down counter decreases control sensitivity of the tuning signal. 

12. The system of Claim 7, wherein the filter comprises a master filter and a slave filter, each of which has its charac- 
teristic frequency controlled variably responsive to the tuning signal, and 

wherein after the master filter has been tuned in advance in response to a second reference signal, obtained 
by dividing the frequency of the reference signal, the slave filter is tuned in response to the test signal. 

13- A cellular phone comprising the automatic filter tuning control system as recited in one of Claims 1 to 12 in a 
receiver section thereof. 
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FIG. 2 
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FIG. 4 
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